Red seaweed Gracilaria sp. is known as 'Janggut Duyong' by the local people of Sarawak. This macroalgae is well-distributed in both temperate and tropical seawaters. Gracilaria sp. could be processed to produce agar for industrial purposes whereas some people consumed it directly and become part of their daily diet. In terms of ecology, Gracilaria sp. is one of primary producer in the seawater and its presence can form habitats to support other aquatic organisms. Despite its socio-economic and ecological importance, little is known about Gracilaria sp. in Sarawak. Hence, this study is designed to: (i) determine the diversity and abundance of Gracilaria in cage culture of Lawas, Sarawak (ii) assess the water quality of the cage culture area where Gracilaria is found and (iii) determine other aquatic organisms that found within Gracilaria population. Three field samplings had been conducted from October 2013 to November 2014 at cage culture areas of Awat-Awat Village, Lawas, Sarawak. Only single species of Gracilaria was found namely Gracilaria arcuata. Besides G. arcuata, Acanthophora sp. and Padina sp. were also found but in small patches. In addition, five different groups of aquatic invertebrates were observed namely tunicates, bivalves, polychaetes, small crabs and brittle stars. The selected water quality parameters namely temperature, pH, dissolved oxygen, salinity, turbidity, total suspended solid, orthophosphate, silicate and chlorophyll a were significantly different (p = 0.000) during all the three field samplings except for nitrite (p= 0.588). However, the values recorded were within normal range of standard water quality for tropical estuarine area. Since healthy population of Gracilaria could be easily found here, therefore this area has the potential for future seaweed aquaculture.
Seaweed is defined as macroscopic and multicellular algae but certain life stages of seaweed like spore or zygote is categorized as unicellular and microscopic. According to Lobban & Harrison (1994) , seaweed is divided into three groups which are green seaweed (Division Chlorophyta), brown seaweed (Division Phaeophyta) and red seaweed (Division Rhodophyta). The group of seaweed is classified according to type of pigment present, namely chlorophyll a, phycoerythrin, phycocyanin and other accessory pigments. Seaweed can be found in marine and brackish water, in intertidal and deep area, attach to substrate such as rock, dead coral, shells, pebbles and aquatic plant (Anantharaman, 2002) . Seaweed has the same characteristic as terrestrial plant where both undergo photosynthesis and release oxygen.
Red seaweed (Gracilaria sp.) is known as 'Janggut Duyong' by the local people of Sarawak where it is widely distributed in temperate and tropical seawaters. According to Thomsen et al. (2005) , more than 110 species of Gracilaria has been recorded around the world. The entire body of Gracilaria is known as thallus where it consists of holdfast, stipe and blade. Gracilaria undergoes photosynthesis with the aid of chlorophyll a, phycoerythrin, phycocyanin and allophycocyanin.
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Gracilaria has important roles in ecological and socio-economic aspects. It plays crucial part as one of primary producer especially in the area where the availability of light is low. Besides, juvenile fishes and marine invertebrates use this seaweed as protection against tides, predators, waves and also as food source. Hence, the presence of Gracilaria can form important habitats for aquatic organisms (Nyberg et al., 2009) . From socio-economy point of view, Gracilaria is edible, consumed by human and its extraction is currently used in pharmaceutical and fertilizer industries. Recently, a study on extraction of methanolic from Gracilaria has shown positive result to be used in cancer treatment (Yeh et al., 2012) . Gracilaria also contain phycocolloids such as agar, thus it becomes the main contributor in production of world agar due to its ability to form strong and high quality gel (Chan et al., 2002) .
Checklists of marine algae particularly seaweeds of Malaysia have been published by several researchers, for examples Ahmad (1995) , Chan et al. (2002) , Phang (1998) , Nurridan (2004) , Nurridan (2007) , Song et al. (2013) and Zakaria et al. (2006) . In Sarawak, study has been done to document the seaweed resources from coastal waters (Nurridan, 2007) . In addition, the list on seaweeds species and their life form from Golden Beach, Similajau National Park, Bintulu, Sarawak has also been documented by Zakaria et al. (2006) .
All the available literatures on seaweeds from Sarawak focused only on species checklist in certain areas with some brief information on the ecology. Furthermore, there is lack of specific documentation on seaweed from cage culture. Thus, this study is designed to assess the seaweed assemblages in cage culture of Lawas and water quality of the area. The specific objectives of the study are to: (i) determine the diversity and abundance of Gracilaria in cage culture of Lawas, Sarawak (ii) assess the water quality of the cage culture area where Gracilaria is found and (iii) determine other aquatic organisms that found within Gracilaria population.
Three field samplings had been carried out in cage culture area (Figure 1 ) of Awat-Awat Village, Lawas (N 04° 56'9.7", E 115° 14'6.8") ( Figure 2 ) from October 2013 to November 2014. All samplings were done at daytime during flooding tide. Awat-Awat Village is built on top of water, located at the Batang Trusan estuary. The village is separated from the main road by a river and the only transportation to get there is using small boats. Awat-Awat Village is actually consists of four villages namely Kampung Ujong, Kampung Tengah, Kampung Masjid and Kampung Bangsal. This area has complete set of basic infrastructures such as school, mosque and mini market. The villagers depend on aquaculture and coastal fisheries as their main source of income. The area involved in this study comprised of 12 cages (2.5 m x 2.0 m x 3.0 m) rearing fishes like sea basses, groupers and red snappers.
During field sampling, water quality parameters namely dissolved oxygen (DO), temperature, turbidity, pH, conductivity and salinity were measured in-situ. DO and temperature were measured using DO meter (Hanna Instrument, 9142). Turbidity was taken using turbidity meter (Eutech Instrument, TN-100). Salinometer (Milwaukee Instrument, MA 887) was used to record salinity while pH meter (Hanna Instrument, HI 8424) was used to measure pH. Water transparency was recorded using secchi disk while the depth of water was measured using depth finder (Speedtech instrument, 65054). All the parameters were measured triplicates. Water samples were collected using 500 mL bottles for nutrients (nitrite, orthophosphate, silica), chlorophyll a (chl a) and total suspended solid (TSS). Triplicates water samples were collected and kept in cooler box with ice and brought back to laboratory at Universiti Malaysia Sarawak for further analysis using standard procedure (APHA, 1998) . The values obtained were compared with Malaysian Marine Water Quality Criteria and Standard (MMWQCS) (DOE, 2010) .
The whole thallus of Gracilaria sp. consists of holdfast and stipe was observed, collected and stored in plastic bag with seawater and brought back to laboratory for further analysis. Other species of seaweeds and macrofauna found within Gracilaria assemblages were observed, collected and stored in plastic bag with seawater and brought back to laboratory for identification. Percentage cover of seaweeds were observed using transparency grid (0.21 m x 0.29 m) at two different cages in November 2014. Only single cage was observed for abundance of seaweed in October 2013 and June 2014. One-way analysis of variance (ANOVA) was performed to test the significant difference of water parameters between field sampling. The test is significant at p<0.05.
In the laboratory, wet preservation and dry preservation were done for preservation of seaweed (Dhargalkar & Kavlekar, 2004) . The seaweeds were washed first using tap water while the dust, sand and organisms were removed. For wet preservation, the samples were fixed in 10% formalin and then in 70% ethanol for long term preservation. Preparation of herbarium (dry preservation) was done using method as suggested by Dhargalkar & Kavlekar (2004) . Identification of Gracilaria sp. and other seaweeds were based on identification key from Dhargalkar & Kavlekar (2004) , Nurridan (2007) and Lin (2009) .
Only one species of Gracilaria was found at cage culture of Awat-Awat village, Lawas. Based on the morphological characteristics, the species was G. arcuata (Dhargalkar & Kavlekar, 2004; Lin, 2009; Nurridan, 2007) (Figure 3) .
Description: the thallus of G. arcuata observed in Lawas was reddish brown when fresh and could grew up to 120 mm tall. The holdfast was discoid and the branches were cylindrical, irregular and had diameter between 2-3 mm. The branches were slightly constrict at the base, enlarged at the middle and become attenuate at the tip (Figure 3b) . Primary branches were short compare to secondary branches and could reach up to 45 mm long while secondary branch could reach up to 77 mm. The tip of branches give rise two to five short stubby spinose branchlets (Figure 3b) . At secondary branches, frequent formation of a single new branch with pointed tip was observed. The cross section of stipe shows that the medulla is composed of large cells and surround by small rounded cells at the cortical layer (Lin, 2009) (Figure 3c ).
Type of locality: Lawas, Sarawak
Remarks: G. arcuata was identified based on identification keys by Dhargalkar and Kavlekar (2004) , Lin (2009) and Nurridan (2007) . The species is placed under Order Gracilariales, Family Gracilariaceae. The specimen was found attach to net of cage culture in Lawas. Nurridan (2007) reported that G. arcuata attach to coral or rock and grow in shallow and subtidal areas. This showed that the species can grow on both natural and man-made substrate.
According to Song et al. (2013) , 20 species of Gracilaria has been recorded in Malaysia and the common species found namely G. changii, G. edulis, G. salicornia and G. tenuistipitata In Sarawak, seven species of Gracilaria have been recorded namely G. arcuata, G. changii, G. coronopifolia, G. blodgetti, G. salicornia and the remaining were identified as Gracilaria sp. and Gracilaria sp.1 (Nurridan, 2007) .
The seaweeds were found growing on the cage net and only restricted at the surface of the water and down to 0.3 m deep. Based on Figure 4 , approximately 85% of the top part of cage net was covered by seaweeds in October 2013 while the percentage cover had slightly decreased to approximately 80% in June 2014. The percentage cover of seaweeds then increase to approximately 90% in November 2014. The slightly decrease of percentage cover of seaweeds during second sampling is probably due to wave action that remove the seaweeds. The decrease in coverage may also due to predators as rabbit fishes, crabs, bivalves, gastropods and polychaetes (Briggs & Smith, 1993) . Based on the observation during fieldtrips, the percentage of seaweeds did not differ much for all the samplings probably due to following reasons: (i) the cages are rarely used by the owner and the owner does not regularly clean or remove foreign substances trapped on the cage net (ii) the seaweeds present do not have any commercial value therefore not collected for consumption or sale. Based on brief interview with local people during fieldtrips, they claimed that nobody eats Gracilaria in Lawas. In contrast with Asajaya and Santubong, the seaweeds are collected for domestic use or to be sold in the market.
Three taxa of seaweeds namely G. arcuata and Acanthophora sp. (red seaweed) and Padina sp. (brown seaweed) were found on the fish cage net. In November 2014, approximately 65.5% of the upper part of cage nets was covered by G. arcuata, 14.5% were covered by Padina sp. and only 10% were covered by Acanthophora sp. Therefore, G. arcuata was the dominant compare to the other two species.
All the water quality parameters are significantly different among the three field samplings (p=0.000) except for nitrite (p=0.588). Based on Table 1 , the temperature of study site had a ranged between 29.9°C to 31.2°C whereas pH had values between 7.04 to 7.76. The study site had recorded the highest value of DO in June 2014 (4.64 mg/L). For salinity, the lowest reading was recorded in October 2013 (14 PSU) most probably because the seawater been diluted with freshwater (Suratman et al., 2014) . The salinity reading for the other two samplings were similar.
Turbidity showed the highest value in October 2013 (20.29 NTU) and the lowest in November 2014 (5.06 NTU). The turbidity is high in October 2013 due to water runoff from upstream which bring sand and silt. Depth, transparency and conductivity were recorded in November 2014 with reading of 10.63 m, 1.28 m and 39.03 mS respectively. There is no available data for the three water quality parameters in October 2013 and June 2014 due to technical problem. High nutrients in water namely phosphorus and nitrogen can inhibit the fishes growth,reduce the capability of fishes to breed and cause losses to fish farm owner (Breitburg, 2002; Diaz et al., 2012) due to formation of algae blooms. The presence of seaweed (Gracilaria) could help reduce the excess amount of nutrients, which later give positive impacts to cage culture as it has ability to absorb nutrient from the water (Abreu et al., 2011; Kang et al., 2011;  Macchiavello & Bulboa, 2014) . It is recommended that local people incorporate seaweed culture in their cage culture system in order to achieve sustainable aquaculture.
Five different taxa of aquatic macroinvertebrates were found co-exist with G. arcuata namely cockle (Cardiidae), green mussel (Perna sp.), polychaete (Polychaeta), tunicate (Ascidiacea), brittle star (Ophiurida) and small crab (Figure 4) . Similarly, Nyberg et al. (2009) reported that organisms such as class Malacostraca, Gastropoda, Bivalvia, Florideophyceae and amphipods were found living in G. vermiculophylla.
This showed that seaweed assemblages is one of the important habitat that supports wide range of living organisms (Christie et al., 2009; Nyberg et al., 2009; Wernberg et al., 2013) . Besides, juvenile fishes and marine invertebrates use Gracilaria as protection against tides, predators, waves and also as food source (McHugh, 2003; Christie et al., 2009) .
Lately, seaweed culture has been introduced to support the high demand on the world market and nowdays has becoming popular due to overexploitation of wild stocks and disturbance that reduce their number in natural habitat (McHugh, 2003; Werner & Kraan, 2004; Ahemad et al., 2006) . Unlike fish culture, seaweed culture is easier to operate because it does not need high complicated technology system. It can be operated at low cost, does not cause pollution but instead it can act as natural biological filters. Lawas has the potential as the first site for mass seaweed culture in Sarawak due to presence of healthy seaweeds population and the river has relatively good water quality. The seaweed culture can give current benefit to local people economy. It is recommended that the state of government, agencies, Fisheries Department Malaysia and other non-governmental organisation (NGO) to introduce and assist the local people embarking in this new seaweed culture.
In Lawas, the seaweeds assemblage is dominated by G. arcuata followed by Acanthophora sp. and Padina sp. The water quality of the cage area is within the range of normal water quality of estuary. Six species of aquatic macroinvertebrates were found living within G. arcuata namely tunicates, cockle, mussel, polychaetes, small crab and brittle star. Based on findings of this study, Lawas has the potential for mass seaweed culture in the future.
